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Abstract 
Effective management of pain is critical to the improvement of animal welfare. For this to happen, 
pain must be recognised and assessed in a variety of contexts. Pain is a complex phenomenon, making 
reliable, valid, and feasible measurement challenging. The use of facial expressions as a technique to 
assess pain in non-verbal human patients has been widely utilised for many years. More recently this 
technique has been developed for use in a number of non-human species: rodents, rabbits, ferrets, 
cats, sheep, pigs and horses. Facial expression scoring has been demonstrated to provide an effective 
means of identifying animal pain and in assessing its severity, overcoming some of the limitations of 
other measures for pain assessment in animals. However, there remain limitations and challenges to 
the use of facial expression as a welfare assessment tool which must be investigated. This paper 
reviews current facial expression pain scales (“Grimace Scales"), discussing the general conceptual 
and methodological issues faced when assessing pain, and highlighting the advantages of using facial 
expression scales over other pain assessment methods. We provide guidance on how facial expression 
scales should be developed so as to be valid and reliable, but we also provide guidance on how they 
should be used in clinical practice.  
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Understanding, recognising and managing pain in animals is of critical importance to their welfare; 
however, our current understanding of pain is limited by its complexity, and the subjective nature of 
the response to pain. Pain assessment is complicated by the involvement of an affective component as 
well as the sensory nervous component (Broom, 2014). The similarity in structure and function of 
nervous systems between humans and other mammals, coupled with the similarity in behavioural 
responses to painful stimuli, provides evidence that non-human animals feel pain, resulting in 
suffering (Broom, 2001). This is not accepted by all in the scientific community, some arguing that 
conscious awareness of pain is required for suffering to occur and that this is limited to humans and a 
small range of other species (Bermond, 2001; Key, 2016). Key (2016) argued the behavioural and 
physiological responses to painful stimuli observed in animals not possessing a prefrontal cortex 
should be viewed as simple nociceptive responses, not an indication of the feeling of pain. In order to 
properly understand the aversive nature of pain and the extent of suffering, both the sensory and 
affective elements of pain need to be assessed in a validated, reliable manner, that takes a functional 
rather than anatomical approach to pain (Broom, 2016, 2014, Sneddon et al., 2018, 2014). 
Facial expressions have long been used to recognise and quantify pain in human patients who are 
unable to verbalise, such as neonates or patients with verbal or cognitive impairments (Boerner et al., 
2013; Prkachin et al., 1994; Prkachin and Solomon, 2008; Schiavenato et al., 2008). Facial 
expressions have also been demonstrated to encode both the sensory and affective components of pain 
in humans (Kunz et al., 2012). Langford et al. (2010) were the first to extend this method of assessing 
pain in humans to non-human animals, mice. These authors showed facial expressions of mice 
undergoing a painful experience reduced in a dose dependent manner when treated with effective 
analgesics. The authors were able to separate the typical sensory response (e.g. writhing) from the 
emotional response (facial expression) to painful stimuli by lesioning the insula. The insula is an area 
of the human brain associated with emotional reaction to pain, which is also present in mice. Further 
investigation is required into this phenomenon before it can be considered conclusive due to the low 
sample size employed (n=6) in this study. These results, and those from Kunz et al. (2012) provide 
support to the concept that facial expression could be key to demonstrating the affective component of 
pain in animals, as well as the nociceptive response.  
In the last decade, a number of other species have had facial expression scales developed and 
validated to varying degrees as a pain assessment tool (Dalla Costa et al., 2014; Di Giminiani et al., 
2016; Gleerup et al., 2015; Guesgen et al., 2016; Häger et al., 2017; Holden et al., 2014; Keating et 
al., 2012; MacRae et al., 2018; McLennan et al., 2016; Reijgwart et al., 2017; Sotocinal et al., 2011; 
van Loon and VanDierendonck, 2015). For this technique of pain assessment to be effective, we must 
understand the challenges and limitations to the development and use of facial expression as a pain 
assessment method.  
The aim of this paper is to provide a brief overview of pain as a welfare issue in mammals, and to 
discuss the reasons why assessment of pain is difficult. A recent review by Descovich and colleagues 
(2017) argued that facial expression is under-utilised as a welfare assessment tool. These authors 
briefly mention the limitations and challenges with the use of facial expression as a welfare 
assessment tool. It is the purpose of this review to further explore these conceptual and 
methodological difficulties that are characteristic of a new field further, with specific reference to 
assessing animal pain. We will discuss some of the scales that have been developed to assess pain in 
animals exploring the methodological issues that they have faced. We investigate how the researchers 
have attempted to overcome the conceptual problems of pain assessment when validating the 
effectiveness of these scales. Additionally, we will highlight the advantages of using facial expression 
scales over other more common methods of pain assessment. We will demonstrate that facial 
expression scales provide an opportunity to further our understanding of pain assessment.  
We suggest a caveat on the future development and utilisation of facial expression scales. However, we 
also provide guidance on how these scales should be used in both clinical and research settings in order 
to be effective in pain assessment. Progress in animal pain assessment critically relies upon the 
development of robust and compelling experimental designs (Panksepp, 1998). Thus, we also aim to 
provide a framework on how these scales should be developed for other species and for other emotional 
states so they are valid and reliable.   
2. Pain in animals remains a welfare issue  
Pain is aversive, and left unmitigated can lead to severe stress with detrimental physical and mental 
effects on an animal causing suffering (Dawkins, 2008; Flecknell et al., 2011). The presence of pain 
reduces play (Mintline et al., 2013; Rushen and de Passillé, 2012; Thornton and Waterman-Pearson, 
2002), grooming (Dalla Costa et al., 2014; Ellen et al., 2016; Keating et al., 2012), eating (de Oliveira 
et al., 2014), and disrupts sleep (Andersen and Tufik, 2003; Ohayon, 2005; Schütz et al., 2003). 
Despite increased awareness of the existence of pain in animals and its detrimental effects on welfare, 
animals are still subjected to procedures or events in which pain is likely to occur. Routine husbandry 
procedures in farm animals such as castration and de-horning can result in pain if carried out with 
inadequate anaesthesia and analgesia (Lomax and Windsor, 2013; Mintline et al., 2013; Stewart et al., 
2014, 2007; Walker et al., 2011). Pain in farm animals reduces production and/or growth (e.g. Green 
et al., 2002), directly conflicting with the global need for increased sustainable food production 
(Hunter et al., 2017). Experimental procedures in laboratory animals, and accidental injury, disease or 
elective surgery in all species may also result in pain (Abu-Serriah et al., 2007; Matsumiya et al., 
2012; Waite et al., 2015). Unmitigated pain can result in pathological changes in physiology and 
behaviour, increasing variability in data collected, thus decreasing validity of scientific studies 
(Hawkins, 2014). Pain management in domestic animals is not always provided in an effective 
manner (Bell et al., 2014; Huxley and Whay, 2006; Norring et al., 2014), resulting in suffering. Such 
procedures and the resulting negative effects on animal welfare, are a major source of concern for the 
public (Busch et al., 2017; Doughty et al., 2017; Fredriksen et al., 2011; Robbins et al., 2015; Ventura 
et al., 2014). Effective assessment and alleviation of pain are closely linked. If we cannot effectively 
identify pain when it occurs or judge its severity, we shall be unable to alleviate it. To understand the 
obstacles to pain prevention and alleviation, it is necessary to examine our current understanding of 
pain.  
2.1 The anatomy and physiology of pain 
Pain involves both sensory and affective components, and is often associated with actual or potential 
tissue damage (Broom, 2001; IASP, 1994; Sneddon et al., 2014). The sensory aspect of pain refers to 
nociception, the transmission of information about tissue damage to the brain via peripheral pain 
receptors (nociceptors), nerve fibres and neurons. Noxious stimuli (mechanical, thermal or chemical) 
activate free-nerve endings of thinly myelinated A-delta nerve fibres and unmyelinated C fibres. The 
action potentials produced pass via the dorsal root ganglia (DRG) into the spinal cord. Neurons within 
the dorsal horn are activated, mediating local withdrawal reflexes as well as relaying the signal via 
ascending afferent pathways in the gray matter of the spinal cord to synapses in the medulla, midbrain 
and thalamus (Brooks and Tracey, 2005). From these centres, in mammals, neurons transmit the 
signal to the cortex where the conscious affective experience of pain is considered to occur (Hofbauer 
et al., 2001; Lee et al., 2009). However, interneurons local to the dorsal horn can modulate the 
nociceptive signal, and descending pathways from the mid and hind brain can inhibit or facilitate the 
signals transmission to the brain and spinal cord (Heinricher et al., 2009; White et al., 2018). These 
changes that occur in the neurobiology of the transmitted signal lead to complications in our 
understanding of the sensory component of pain. Moreover, they can have a significant impact on the 
affective experience of pain and the associated suffering (Rainville, 2002). 
Pain may be either acute or chronic in nature. Acute pain is generally short lived and is caused mainly 
by pathological damage to tissue or nerves resulting from injury, inflammation or infection (Viñuela-
Fernández et al., 2007). Acute pain tends to respond to pain relief as the inflammation and infection 
are controlled and tends not to persist beyond the healing process (Woller et al., 2017). Chronic pain 
can extend beyond the healing process (Lavand’homme, 2011; Ley et al., 1989) and is associated with 
greater emotional distress (Baliki et al., 2006; Seminowicz et al., 2009). Chronic pain can be complex, 
being multifaceted and sometimes not originating from peripheral nociception, making diagnosis of 
the underlying cause and thus treatment of chronic pain difficult. Moreover, sustained activation of 
nociceptors, nerve damage, or neural dysfunction, can cause neuropathic pain, presenting itself as 
allodynia, hyperalgesia or spontaneous pain (Gear and Levine, 2011; Miki et al., 2002). It is now well 
accepted in human medicine, that chronic pain can be a disease in itself and does not need to be 
associated with another physical disease or injury (Apkarian and Scholz, 2006; Groh et al., 2017; 
Tracey and Bushnell, 2009).  
2.2. The concept of pain as an affective state 
The detection, transduction, transmission, modulation and projection of information to the central 
nervous system (CNS) appears similar within all mammals (Viñuela-Fernández et al., 2007). In 
principal, noxious stimuli which are painful to humans will also cause pain in other mammals. This 
does not necessarily mean that they experience pain in the same way as humans, but it justifies the 
inference that they do experience the aversive nature of pain (Panksepp, 1998; Weary et al., 2006). 
When considering where and how pain is experienced much of the evidence supports the view that the 
medial thalamocortical pathways, including the limbic system and insular cortex, play an important 
role in mammals (Gu et al., 2013; Jasmin et al., 2004; Lu et al., 2016). Human patients with damage 
to these areas of the brain report asymbolia, a condition that leaves patients being aware of the 
sensory qualities of nociception but without experiencing the aversive nature of pain (e.g. Berthier et 
al., 1988). This suggests that there is some separation of the sensory and affective dimensions of pain. 
Conversely, Feinstein et al. (2016) recently reported no effect on the emotional awareness of pain in a 
human patient with extensive damage to the insula, anterior cingulate and amygdala. This would 
suggest that these regions are not necessary for the conscious experience of pain. The inconsistency in 
results raises questions regarding our understanding of where and how the brain experiences the 
aversive nature of pain, adding to the challenge of assessing the impact of pain on an animal’s 
affective state.  
2.3 Additional factors affecting pain experience 
An animal’s previous experience of pain can have a significant impact on how it responds to a 
noxious stimulus. Long term changes in pain response have been demonstrated to occur when animals 
have experienced pain at an early age. Pain experienced as a neonate, either associated with chronic 
inflammation (Benatti et al., 2009; Lim et al., 2009), or tissue insult (Beggs et al., 2012; Clark et al., 
2014), significantly reduces pain thresholds and increases the expression of pain-related behaviours as 
an adult. These changes are also likely to be long lasting when compared with adults that have not 
been exposed to pain as neonates (Beggs et al., 2012). The decreased pain threshold in these animals 
could be due to sensitisation of peripheral neurons or nociceptors, or central mediation occurring at 
the level of the spinal cord (Beggs et al., 2012; Clark et al., 2014).  
Early life stress can also have significant effects on pain experienced as an adult. Animals born to 
mothers experiencing high stress levels whilst pregnant, have an amplified pain response (Rutherford 
et al., 2009; Sandercock et al., 2011). In addition, a mother’s neonatal experience of pain has been 
shown to affect her offspring’s response to pain (Clark et al., 2014). The changes in pain response 
seen in offspring are likely to be an adaptive response to the environment that the mother experiences, 
with programming of gene expression preparing the offspring for a better chance of survival (Benatti 
et al., 2009; Clark et al., 2014; Rutherford et al., 2009; Sandercock et al., 2011).  
Differences in reactivity to pain also occur between sexes within a species (Guesgen et al., 2011; 
Prusator and Greenwood-Van Meerveld, 2016; Sorge et al., 2014; Winston et al., 2014). Even if pain 
responses in males and females are the same at birth, males have been shown to have a reduced 
sensitivity to pain in comparison with females as they age (Guesgen et al., 2011), suggesting a 
divergence in the ontogeny of pain processing systems. Other factors, such as the animal’s personality 
(Ijichi et al., 2014), whether there is social support (Guesgen et al., 2014), whether the animal has had 
previous experience with the context of the pain such as with handling (Guesgen et al., 2013), or if 
there is a presence of a human, particularly a male (Sorge et al., 2014), can affect how an animal deals 
with and responds to pain. These additional influences add a layer of complexity when trying to assess 
and manage animal pain. 
2.4 Managing pain 
Understanding of the major pathways and mediators involved in the transmission of nociceptive 
information allow a number of pharmacological interventions to be employed in pain management 
(see Viñuela-Fernández et al., (2007) for review). There are many licensed products available to 
professionals intended to be used to mitigate pain in particular species, including local and regional 
anaesthetics, opioids and non-steroidal anti-inflammatory drugs (NSAIDs) (Veterinary Medicines 
Directorate., 2018). However, in some species such as sheep, licenced pain relief products are 
currently not available in the UK (Veterinary Medicines Directorate., 2018), and so any pain relief 
provided is given off-label (Lizarraga and Chambers, 2012), reducing the use of such drugs. For 
species for which licensed drugs are available, use in practice is still limited (Becker et al., 2013; Bell 
et al., 2014; Ison and Rutherford, 2014; Richardson and Flecknell, 2005; Weber et al., 2012). 
Commonly reported barriers to the use of pharmaceuticals include lack of knowledge of pain 
recognition and assessment, as well as cost, residues in production animals, and uncertainties of their 
impact on scientific studies in research animals (Bell et al., 2014; Huxley and Whay, 2006; Ison and 
Rutherford, 2014; Lizarraga and Chambers, 2012; Richardson and Flecknell, 2005). Being able to 
recognise, assess and evaluate pain in animals is thus critical to preventing and alleviating pain 
effectively in order to improve the welfare of animals under human care (Flecknell, 2000; Gentle, 
2001).  
3. Pain assessment  
For any pain assessment method to be of value it must allow for the recognition, assessment and 
alleviation of pain in a sensitive and specific manner. Current scoring systems for recognising and 
assessing pain in non-human animals often use a combination of assessing the physiological response, 
and measuring the general functioning of the body, as well as observing behaviour (Brondani et al., 
2013; Bussières et al., 2008; Molony et al., 2002; van Loon and VanDierendonck, 2015). These 
measures have a number of limitations, sometimes producing contradictory results (Molony et al., 
2002) (See Weary et al. (2006) and Sneddon et al. (2014) for full reviews on other pain assessment 
measures and their interpretation). Physiological responses such as changes in the heart rate, body 
temperature and level of circulating cortisol provide measures of the sympathetic-adrenomedullary 
system and the hypothalamus-pituitary-adrenocortical systems. These systems are not specific to pain, 
but are also influenced by positive and other negative affective states such as stress (Carlson et al., 
2006; Jaremka and Collins, 2017; Villani et al., 2006). Moreover, physical restraint is often required 
to obtain these measures leading to a general stress response, further confusing interpretation of the 
data (see Mormède et al., (2007) for review). Poor nutrition (Ingvartsen and Moyes, 2013; Lean et al., 
2013), lack of physical and mental stimulation (Matur et al., 2016; McCreary and Metz, 2016), and 
disease (Raaperi et al., 2012; Šavc et al., 2016) are also possible causes of changes in general body 
function making these measures unreliable for pain assessment. Although longer term changes in 
behaviour can be objectively measured, they reflect the changes between two time-point observations 
rather than what the animal is experiencing at any particular time (Weary et al., 2006). Monitoring 
acute behavioural signs of pain provide a better indication of the current welfare of the animal and the 
pain they are experiencing. These behaviours, however, are often not pain specific and affected by 
other factors such as fear or stress (Gougoulis et al., 2010; Rutherford, 2002) creating problems with 
validity and reliability. Obvious behavioural signs of pain are also not common to all mammals as 
stoical species do not overtly express their affective state. More subtle signs of behaviour that can 
indicate how an animal might feel are required for pain assessment for these species (Flecknell et al., 
2011). Moreover, pain has many dimensions, and the measure should be able to consider the intensity, 
frequency, duration and quality of the pain (Ashley et al., 2005). Essentially, the measure must be 
valid, reliable and feasible (Bussières et al., 2008; Molony and Kent, 1997).  
3.1 Validity  
A fundamental attribute of any measure is its validity. There are a number of different types of 
validity, including; construct, convergent, discriminant, and internal. Construct validity refers to how 
accurate the measure is at measuring that specific construct (Calvo et al., 2014), in this case, pain. 
Differences recorded by the measure must be due to the true extent of differences between a painful 
and non-painful state (discriminant validity); the measure should be both sensitive (be able to 
correctly identify animals in pain) and specific (be able to correctly identify animals that are not in 
pain) (Brondani et al., 2013). A good measure of internal validity for pain assessment is to measure 
the changes that occur in response to analgesic provision in a dose dependent manner (Weary et al., 
2006). Thus, after analgesia, the animal should either no longer be in pain, or be in significantly 
reduced pain, and the measure should be able to identify this correctly. A limitation to this approach is 
in species for which there is no licenced analgesic, and hence no information about likely 
effectiveness of that pain relief, making internal validity difficult to test. Additionally, some analgesia 
may not be effective due to modulation at the nociceptor level (Fleetwood-Walker et al., 2012). 
Consideration must be given to testing within subjects, assessing at both a baseline level when no pain 
is present, and again at a separate time point when pain is present. A new measure should also be 
tested against an already validated measure for that construct (convergent validity) (Battini et al., 
2016). It is also critical that during validation of both new and established indicators that observers are 
blind to the state of the animal (e.g. pain or no pain) to prevent observer bias (Tuyttens et al., 2016). 
3.2 Reliability  
For a test to be valid it must also be reliable (Dalla Costa et al., 2018). Reliability refers to a 
measure’s ability to generate the same result each time it is used on the same participant in a 
consistent and stable manner, independent of the identity of the observer employing the measure 
(Neuman, 2014; Oliver et al., 2014). The test-retest approach can be implemented to test the 
consistency of a measure at producing the same result each time it is implemented, provided nothing 
has changed within the context that the first measurement was made (Napolitano et al., 2011; 
Prkachin and Solomon, 2008). It would also be expected that a consistent measure be repeatable, 
yielding the same result each time an observer implemented it (intra-observer reliability) (Oliver et 
al., 2014); however, the measure should also be repeatable and consistent across different observers 
(inter-observer reliability) (Oliver et al., 2014; Sotocinal et al., 2011). Consideration of the time 
interval between observations must be given as it can affect the reliability of measurements; too short 
a time and observers may remember their original answers (Martin and Bateson, 2007). Observers can 
also suffer fatigue causing their assessments to be inconsistent between the beginning and end of the 
test (Kiddie and Collins, 2014).  
3.3 Feasibility 
For a pain assessment method to be useful it needs to be feasible (Solomon et al., 1997). Feasibility is 
a measure of external validity, whereby the test must do what it is designed to do in the real-world, 
outside the context of developing and testing. For pain assessment methods, the measure must be 
useable on the farm, in the veterinary surgery, in the home, in the field or within a laboratory animal 
facility and yield the same result, ideally using no specialist apparatus or equipment (Battini et al., 
2016). The measure should be quick and easy to use by people with different previous experience, 
following minimal training, to be of maximum use (Solomon et al., 1997). Being able to use the 
measure in real-time is essential to get the best assessment of the animal’s current pain state. 
Additionally, being able to link the measure to an intervention score enhances its usefulness 
(McLennan et al., 2016; Oliver et al., 2014). These are very difficult criteria to achieve for any 
measure, but they should be considered fully when developing or evaluating any new measure of pain, 
such as facial expression scales. 
4. Facial expression scales as a tool for pain assessment in mammals 
The use of facial expressions to assess pain has become frequent in human medicine and research 
(Boerner et al., 2013; Prkachin et al., 1994; Prkachin and Solomon, 2008; Schiavenato et al., 2008). 
The Facial Action Coding System (FACS) was originally developed by Ekman and Friesen (1978) to 
measure changes of the face or groups of muscles, known as “action units” (AUs), to an emotional 
stimulus. Prkachin (1992) was the first to apply the FACS to assess the facial expressions of pain in 
humans. Since then, there have been a number of advanced studies addressing the possible uses and 
limitations of scoring facial expressions to assess pain in humans. Schiavenato et al. (2008), noted that 
despite commonality of facial pain expressions across different ethnicities and sexes, there were 
inconsistencies in expression across age groups leading to slightly revised versions of the FACS for 
neonates (Neonates Facial Coding System (NFCS) (Ahola Kohut and Pillai Riddell, 2009; 
Schiavenato et al., 2008), infants (Baby FACS) (Ahola Kohut et al., 2012) and children (Child Facial 
Coding System (CFCS) (Vervoort et al., 2011, 2008; Vlaeyen et al., 2009). Ahola Kohut and Pillai 
Riddell (2009) investigated the ability to discriminate between pain-related and non-pain related 
distress in neonates by means of the NFCS; however, it was only possible to distinguish different 
intensities of distress, rather than between states (pain and no-pain). Conversely, Kunz et al. (2013) 
identified distinct aversive feelings through differing combinations of AUs being expressed at 
different strengths. These studies made some key changes to the original FACS (separate FACS for 
differing age categories, and differing combinations of units for different constructs) refining the 
technique for use in humans making it valid, reliable and feasible pain assessment tool in a variety of 
contexts. 
A number of FACS for animals have been recently developed (cats (Caeiro et al., 2017), horses 
(Wathan et al., 2015), chimpanzees (Parr et al., 2007), and macaques (Julle-Danière et al., 2015; Parr 
et al., 2010)), detailing all possible individual facial movements that can occur across the face. FACS 
provide a method of objectively identifying facial areas that may be affected by particular contexts 
(Wathan et al., 2015); however, these systems can be quite complex with as many as 17 different AUs 
to assess (Wathan et al., 2015). They have not yet been applied to particular contexts such as pain. 
Having a scale that contains specific actions or group of actions shown to appear in relation to pain is 
likely to be more feasible in the clinical setting. Within the last twelve years a number of facial 
expression scales (also known as “Grimace Scales”) have been designed specifically to assess pain in 
animals. Many of these scales focus on just four or five facial areas and consider a particular action as 
present (score 2), partially present (score 1) or not present (score 0) (Dalla Costa et al., 2014; Di 
Giminiani et al., 2016; Gleerup et al., 2015; Guesgen et al., 2016; Häger et al., 2017; Holden et al., 
2014; Keating et al., 2012; Langford et al., 2010; McLennan et al., 2016; Reijgwart et al., 2017; 
Sotocinal et al., 2011; van Loon and VanDierendonck, 2015). Animals were tested in pain and non-
pain states, and a comparison made of their facial expression scores in each context. Careful 
consideration of a number of factors is required when developing and testing a facial expression scale, 
in order for the scale to be a valid pain assessment tool. These factors include the experimental design, 
the pain stimulus used, provision of analgesia, and another known pain assessment tool for 
comparison, as a minimum. The following scales are now considered: the Mouse Grimace Scale 
(MGS) (Langford et al., 2010), the Rat Grimace Scale (RGS) (Sotocinal et al., 2011), the Rabbit 
Grimace Scale (RbtGS) (Keating et al., 2012), the Ferret Grimace Scale (FGS) (Reijgwart et al., 
2017), the Horse Grimace Scale (HGS) (Dalla Costa et al., 2016), the Equine Utrecht University Scale 
for Facial Assessment of Pain (EQUUS-FAP) (van Loon and VanDierendonck, 2015), the Equine 
Pain Face (Gleerup et al., 2015), the Sheep Pain Facial Expression Scale (SPFES) (McLennan et al., 
2016), the Sheep Grimace Scale (SGS) (Häger et al., 2017), the Lamb Grimace Scale (LGS) (Guesgen 
et al., 2016), the Piglet Grimace Scale (PGS) (Di Giminiani et al., 2016) and the facial pain 
assessment tool for cats developed by Holden et al., (2014). 
4.1 Image capture and modification 
Facial expression scales are developed through the analysis of multiple images taken of animals 
during pain and non-pain states. The majority of scales use high definition video footage with 
multiple cameras to capture the facial expression of animals pre- and post-pain stimulus exposure 
(Dalla Costa et al., 2014; Di Giminiani et al., 2016; Gleerup et al., 2015; Guesgen et al., 2016; Häger 
et al., 2017; Keating et al., 2012; Langford et al., 2010; Leach et al., 2012; Leung et al., 2016; 
Matsumiya et al., 2012; Miller et al., 2016b, 2015; Miller and Leach, 2016; Sotocinal et al., 2011). 
Some have been developed or tested using still photographs alone (Finlayson et al., 2016; Holden et 
al., 2014; McLennan et al., 2016; Miller and Leach, 2016, 2015, 2014; Reijgwart et al., 2017). Those 
that used video footage obtained still images from the video, either manually or through a specific 
piece of software called “Rodent Face Finder®” which selects frames when there is a clear view of the 
rodents’ face in front of the camera (Sotocinal et al., 2011). This type of technology helps to reduce 
the bias of collecting and selecting images manually (Tuttle et al., 2018). Where this technology has 
not been available, assistants blind to treatments and time points have been utilised to select images 
from footage where there is a clear view of the face of the animal. Images can be selected at certain 
time points throughout the filming; for example, Langford et al. (2010) collected images at 3-minute 
intervals, whilst Guesgen et al. (2016) selected images every 15 seconds pre-docking and every 75 
secs post-docking. Others have selected randomly throughout the time when any clear view of the 
animals’ face was in front of the camera (Dalla Costa et al., 2014; Di Giminiani et al., 2016; Häger et 
al., 2017; Leung et al., 2016; Miller et al., 2015). The latter technique ensures that there is a large 
cohort of images from which to choose randomly those of the highest quality, but it can be time 
consuming and difficult to replicate in other studies if there are no set parameters of when and how to 
collect images. Having a more structured approach such as that of Langford et al. (2010) or Guesgen 
et al. (2016), can improve this.  
There is a lack of consistency between studies in collecting images for the facial expression scoring in 
the length of each recording, or how many photographs were taken. Durations of video recordings 
used by researchers ranged from just 1-minute pre-pain stimulus (Guesgen et al., 2016) up to 30 
minutes of footage (Häger et al., 2017; Matsumiya et al., 2012), with after pain-stimulus footage 
lasting for 5 minutes (Di Giminiani et al., 2016) or up to 30 minutes (Sotocinal et al., 2011). The 
length of footage or number of photographs taken should be sufficient to allow for the capture of the 
most appropriate images for facial expression analysis. This is likely to vary between species as well 
as between pain stimuli. Some studies may also have a number of constraints, such as time or field 
location that prevent long durations of video capture. A major advantage of facial expression is that it 
is a tool for rapid assessment of pain, therefore videos of shorter duration may be more practical, 
especially when testing the scale. 
The time intervals to the pain at which the footage was recorded also varied between studies. Baseline 
images were taken either immediately before the intervention (Gleerup et al., 2015), or up to one 
week before intervention (Miller and Leach, 2014). For those looking at naturally occurring diseases, 
baseline values have been captured much later after the initial pain images (one week for horses with 
acute laminitis (Dalla Costa et al., 2016), and up to 90 days after initial treatment for sheep with 
footrot (McLennan et al., 2016)). Once the pain stimulus was applied some immediately started 
recording (Guesgen et al., 2016) whilst others waited for varying lengths of time (up to 8 hours (Dalla 
Costa et al., 2014)), especially when waiting for any effects of anaesthesia to wear off, or for the 
severity of pain or benefit of analgesia to become evident. The experimental design is likely to dictate 
the most appropriate time to capture images.  
The quality of the image used is highlighted by a number of researchers as being an important part of 
ensuring reliability of the scales (Dalla Costa et al., 2014; Di Giminiani et al., 2016; Keating et al., 
2012; McLennan et al., 2016). Many of the papers have clearly stated the need to use high definition 
video cameras or still cameras to ensure the best quality image (Dalla Costa et al., 2014; Di Giminiani 
et al., 2016; Häger et al., 2017; Keating et al., 2012; Langford et al., 2010; McLennan et al., 2016; 
Sotocinal et al., 2011). Another key point is to ensure that shadows are not present on the face; the use 
of good lighting in the area where images are taken can help reduce this (Finlayson et al., 2016; 
Reijgwart et al., 2017). The use of bright light, or camera flashes should be avoided as they may be 
aversive (Holden et al., 2014). Langford et al. (2010), carried out retrospective adjustment of 
brightness and contrast on their images to overcome some of the quality issues. In addition, the angle 
at which photographs are taken is important, and the set-up of each image capture technique needs to 
be carefully considered. Reijgwart et al. (2017) used a tunnel for each ferret to exit from at the same 
height in line with the camera, whilst Di Giminiani et al. (2016) had four cameras around the edge of 
the pen at a set height of 19cm (piglet head height). Dalla Costa et al. (2014), placed cameras at a 
height above the horse to have the greatest chance of collecting both behavioural and facial images, 
impacting on the angle that the images were taken. Others have had to handle the animals during the 
procedure (Di Giminiani et al., 2016; Guesgen et al., 2016; Keating et al., 2012). This had an effect on 
the facial expression scores given by observers in lambs (Guesgen et al., 2016), whilst in mice, the 
type of handling was found to have no effect on the facial expression score given (Miller and Leach, 
2016). Avoiding handling or close contact with the animal is to be preferred during image capture, as 
many prey species do not overtly express signs of pain and distress when potential predators such as 
humans are present (Sorge et al., 2014). Leaving an animal to perform the behaviours in conditions 
that meet their needs is likely to yield the best results during development stages. 
Most researchers clearly state that the images were cropped so that other postures or behaviours, or 
indicators of any surgery or disease, are not visible (Dalla Costa et al., 2014; Di Giminiani et al., 
2016; Häger et al., 2017; Holden et al., 2014; Keating et al., 2012; Langford et al., 2010; McLennan et 
al., 2016; Reijgwart et al., 2017; Sotocinal et al., 2011). Cropping images ensures that only the face of 
the animal is studied and that the rest of the body does not influence the scorer. Reijgwart et al. 
(2017), and Dalla Costa et al. (2017), also removed the background of the animal’s face and displayed 
all images with a uniform background. It has not been tested whether the background information 
provided in images has an effect on an observers’ scores by providing information about the context 
in which the animal is photographed. Although it seems unlikely that the background in cropped 
images could provide such information, until this is tested, removal of the background information 
from the image is to be encouraged.  
4.2. Scale development  
Images taken are compared using a collage of multiple images from the pre- and post-pain stimulus to 
identify specific AUs (e.g. ear position, cheek tightening, or eye closure) that change in the facial 
expression of an individual animal. The images or stills are often analysed by time-blinded assistants 
or experts in the field that have been blinded to time and treatment (Dalla Costa et al., 2014; Keating 
et al., 2012; Langford et al., 2010). Many of the scales do not detail exactly how the AUs are selected; 
however, the FGS (Reijgwart et al., 2017) and the PGS studies (Di Giminiani et al., 2016) state that 
for selection of specific AUs to be included in the scale they had to have consistently changed within 
animal at 25% and 50% of observations, respectively. Stating clearly the number of times a change 
must occur before it becomes part of a facial expression scale helps to reduce the number of items 
within the scale and provides clear justification for its inclusion.  
The RGS (Sotocinal et al., 2011) was developed after trying to use the MGS for rats; as observers 
became more experienced with the MGS, it was noted that rat’s facial expression differed from mice. 
The area of the nose and cheek would flatten in the rats rather than bulge as it does in mice (Sotocinal 
et al., 2011; Langford et al., 2010). The RGS also uses only four AUs rather than the five from the 
MGS, combining nose and cheek flattening as they correlated best with the occurrence of pain. 
Although different scales (i.e. for different species) share interspecies generic AUs (i.e. orbital 
tightening), it is important that each species has their own scale developed, specific to them. Using a 
scale from other species is likely to reduce the validity and reliability of the scale. Even within 
species, the AUs may be slightly different across ages; the LGS (Guesgen et al., 2016) and SPFES 
(McLennan et al., 2016) both have the same five areas, but the changes that occur in some areas are 
slightly different. The ears of lambs point backwards when in pain, whereas in adult sheep the ears 
rotate ventrally and caudally, and the cheek area in lambs being flattened, whereas in adult sheep the 
masseter muscle becomes more prominent. These differences may be due to different stimuli being 
used, but there is also the possibility that animals’ express pain differently across life stages. More 
validation work is required to assess the facial expressions of animals across life stages, between 
sexes and across different phenotypes in order to ensure the consistency of the scales.  
Most scales have followed a scoring system of zero to two for each AU, with zero being an AU “not 
present”, one being “partially or moderately present” and two being “obviously present or present”. 
Häger et al. (2017), included a score of three for the action “Flehming”, as the response was not 
mutually exclusive from the action “head position” (score 2) and so a higher score indicated the 
severity of the pain expressed through this behaviour. Individual AU scores are assessed to provide an 
overall facial expression score for each animal at each time point. Some scales use a total pain score, 
adding up all the individual AU scores at any time point (Dalla Costa et al., 2014; Häger et al., 2017; 
McLennan et al., 2016), whilst others, such as the RGS (Sotocinal et al., 2011) use an average score 
of all units reducing the amount of variation, but limiting the total difference between baseline and 
pain stimulus. Using a total pain score results in a clearer ability to measure the extent of pain 
experienced by the animal at a time point and to assess how this might change over time in more 
detail, thus providing higher sensitivity. The advantage of using the average of the AUs is that it is 
less sensitive to missing values than the total score (Leach et al., 2012). Missing values can often 
occur when AUs are not visible due to the orientation of the animals or the contrast in the image or 
video is too low to distinguish particular AUs (Leach et al., 2012). 
4.3 Experimental design and pain stimulus 
Progress in animal pain assessment relies upon the development of robust experimental designs 
(Panksepp, 1998). The facial expression scales developed for different species have varied in 
experimental design. Better designs have allowed for within-animal comparisons, collecting a 
baseline score before intervention and then comparing to a known pain state that can be assessed and 
monitored in response to pain relief given at increasing doses (Langford et al., 2010; Sotocinal et al., 
2011). Within-animal designs allow for true changes to be monitored without other variables (e.g. 
personality, genetics, and previous experience) confounding the results (Dawkins, 2007). There are 
likely to be differences within each individual’s baseline image; many scales note that baseline values 
are not zero suggesting that certain AUs are more prominent in some individuals than in others. It also 
suggests that at least some AUs may be visible only momentarily in a non-pain state (e.g. orbital 
tightening and blinking) (Dalla Costa et al., 2014; Di Giminiani et al., 2016; Guesgen et al., 2016; 
Keating et al., 2012; MacRae et al., 2018; McLennan et al., 2016; Reijgwart et al., 2017; Sotocinal et 
al., 2011). Differences between strains and sexes of mice have also been noted (Miller et al., 2015; 
Miller and Leach, 2015), but this needs to be explored in other species. 
Between-animal designs have been used alongside within-animal designs by carefully matching 
animals with a control group to help further validate the scales (Dalla Costa et al., 2014; Guesgen et 
al., 2016; Keating et al., 2012; MacRae et al., 2018; McLennan et al., 2016). Establishing that control 
animals do not change their facial expression over time ensures that changes observed in pain state 
animals were due to the pain, or the pain being relieved, and not due to general changes in facial 
expression. This is especially useful in surgical designs where anaesthesia may have an effect on the 
facial expression, as noted by Dalla Costa et al. (2014) and Miller et al. (2016a, 2015). Scales that 
have been developed solely based on between-animal designs, such as that used by Holden et al. 
(2014), allow for differences in general facial expression between pain and non-pain states to be 
determined. They do not allow however, for a full assessment of the pain experienced in an individual 
and therefore a number of the measures for validity cannot be effectively assessed.  
The pain stimulus used when developing the scales has also varied; for many of the laboratory 
animals the use of validated nociceptive assays such as application of Complete Freund’s Adjuvant 
(CFA), Kaolin, and intra-plantar carrageenan have been routinely utilised (e.g. Langford et al., 2010; 
Sotocinal et al., 2011). Using an already validated painful stimulus allows for a good level of 
construct and convergent validity to be assessed (Battini et al., 2016; Calvo et al., 2014). Surgical 
interventions have also been used to develop facial expression scales, such as laparotomy (Langford et 
al., 2010), and surgical castration in horses (Dalla Costa et al., 2014). Others have used common 
husbandry practices such as tattooing (Keating et al., 2012), or tail docking (Di Giminiani et al., 2016; 
Viscardi et al., 2017), or have used a naturally occurring pain state such as that of a disease 
(McLennan et al., 2016). It can be argued that the use of natural pain states is better than induced 
laboratory methods in providing face and predictive validity of a pain assessment measure (Mogil, 
2009). However, there is likely to be better control in laboratory-based settings with more consistency 
in the pain stimulus provided, as well as better overall experimental designs that are free from 
practical restrictions or factors that are unavoidable when working in the field. Di Giminiani et al. 
(2016), for example, had to collect baseline data from piglets that had already been tooth-clipped a 
few days before the tail-docking experiment. This could have affected the development of the scale, 
as the values may not have provided a true baseline if any pain was present due to the tooth-clipping 
procedure. In their second experiment, animals had not been exposed to any painful stimulus before 
castration. 
Where more than one pain stimulus has been used, or where there is a need to assess the effect of 
handling, a cross over design can be useful. Gleerup et al. (2015) used a semi-randomised, controlled, 
cross-over trial to test multiple pain stimuli which included a tourniquet and a topical application of 
capsaicin. Each horse received noxious stimuli in the same sequence, but with an observer present or 
not. This allowed for any observer effect on facial expression to be monitored and assessed, as well as 
testing the effect of different stimuli. Keating et al. (2012) also used a cross-over design to account for 
the effect of tattooing, handling, and analgesic administration; eight New Zealand rabbits each 
underwent four different treatments of actual or sham tattooing, with and without prior application of 
a topical local anaesthetic.  
The type of stimulus chosen when developing facial expression scales should be carefully considered. 
Langford et al. (2010) showed that the action units comprising the mouse grimace scale appeared to 
be sensitive to ‘noxious stimuli of moderate duration’ (i.e. more than 10 minutes), and therefore we 
should be cautious when using this method to assess very acute painful stimuli. Miller and Leach 
(2014) used the MGS to assess the pain associated with routine ear notching in C57BL6 mice. The 
authors found no difference between groups that underwent ear notching or not (all animals received 
the same handling and restraint and the noise of the clipper closing) compared to baseline. They 
suggested that the lack of change in the MGS may have been due to the potentially acute nature of this 
noxious stimulus. A similar finding was seen by Williams et al. (2008) when using ultrasonic 
vocalisations to assess pain following ear notching in C57BL6 mice. Sotocinal et al. (2011), also 
noted that the pain facial expression in rats did not last for more than 48 hours, which they suggested 
was a natural limiting factor imposed by facial expression itself, especially in chronic pain. This was 
further supported by Whittaker and colleagues who showed no change in the rat grimace scale when 
used to assess the more chronic pain associated with chemotherapy-induced mucositis (Whittaker et 
al., 2016). Animals suffering from chronic pain are unlikely to maintain a certain expression in the 
long term as pain can fluctuate over time (Baliki et al., 2006; Kunz et al., 2011). Additionally, other 
factors such as the presence of a male observer or even simply a t-shirt worn by a male observer the 
previous night, has been shown to inhibit the facial expression of pain (Sorge et al., 2014).  
The correct emotional construct should also be assessed with a particular scale; Finlayson et al. (2016) 
used the RGS to assess for positive indicators in rats compared with a contrast stimulus, but did not 
employ painful stimuli. There were no differences in RGS scores between the conditions, which 
shows that the RGS has good discriminant validity as it did not increase in intensity in non-painful 
situations. However, this was an incorrect use of the scale as it was used to measure something for 
which it had not been designed. Dalla Costa et al. (2017) found the HGS score was not influenced by 
positive or negative emotional states other than pain, inferring that the HGS is a specific tool for 
assessing pain. Further testing of many of the facial expression scales is still required to ensure 
discriminant validity. 
4.4 Provision of analgesia 
A key component in assessing internal validity of a pain assessment tool is to assess the effect of 
analgesia in a dose dependent manner, and to measure the changes that occur in the measurement tool 
(Sotocinal et al., 2011). These changes should show that by providing analgesia in this manner, there 
is a predicted consistent gradual decrease in the facial expression score as the dose of pain relief 
increases. During the development of facial expression scales there have been a range of ways in 
which analgesia has been administered, and only two of the scales, the MGS, and the RGS, have 
provided pain relief in this dose dependent manner during developmental stages (Langford et al., 
2010; Sotocinal et al., 2011). Both of these scales observed significant dose dependent changes in the 
expression of mice (Langford et al., 2010; Matsumiya et al., 2012) and rats (Sotocinal et al., 2011). 
These results demonstrate that these scales are effective and valid at measuring the pain experienced 
by these animals.  
It is not always possible to test the effect of analgesia in a dose-dependent manner for several reasons. 
Obtaining ethical approval for dose-dependent facial expression testing and observation of pain may 
not be possible. This is especially true in non-laboratory contexts where scales may be developed as 
part of observations of naturally occurring pain states (McLennan et al., 2016; van Loon and 
VanDierendonck, 2015), or in experiments where protocols and procedures cannot be changed (Häger 
et al., 2017; Reijgwart et al., 2017). This has resulted in a variety of protocols used when giving 
analgesia in the different studies. In these circumstances careful consideration must be given as to 
when analgesia is provided, and when to best capture facial images so that a true baseline and a true 
pain state are available. Different groups of animals may be needed to receive differing levels of 
analgesia or other classes of analgesics to help maintain good animal welfare. This can also provide 
information about the effects of analgesics on facial expression. The HGS (Dalla Costa et al., 2014) 
for example, was developed with horses undergoing surgical castration. For ethical and welfare 
reasons perioperative analgesia was provided to two groups of horses, with one group provided with 
additional analgesia orally 6 hours after the surgery. Pain-free images obtained before the surgery 
were compared with images captured 8 hours after the surgery and after analgesia had been 
administered for both groups. Although there were significant differences between control and 
castrated horses’ facial expression scores, there were no differences in facial expression between the 
two post-castration groups despite the additional analgesia provided to one group 2 hours before the 
image capture. These authors state that it is not currently possible to differentiate between post-
procedure pain and distress, meaning validation of the scale is not complete. This is also the case for 
the EQUUS-FAP and SGS, in which images for pain states were taken after analgesia had been 
provided. The EQUUS-FAP used images from horses suffering from colic that had been provided 
with NSAIDs upon arrival at the hospital, and horses were only removed from the study if they 
needed further analgesia (van Loon and VanDierendonck, 2015). The SGS (Häger et al., 2017) was 
unable to assess the true pain state of the sheep after surgery as animals were provided with analgesia 
on a daily basis for up to 13 days after surgery. Such methods make it impossible to compare fully 
painful and pain free states to validate the scales. 
For species which have no known effective analgesic drug, or where the evidence of the effectiveness 
of the drug is contradictory, full validation can be difficult. During the development of the SPFES, 
half the diseased sheep were treated with antibiotics and a NSAID, whilst the other half received 
antibiotics only, in line with current industry practices (McLennan et al., 2016). Images were 
collected before the analgesia was provided when pain was expected to be at its highest, and again at 
42 or 90 days after initial treatment by which time the disease had resolved. No differences in facial 
expression were found between the two different treatment groups, although there were differences 
between control and diseased sheep. Although a true pain state and baseline were captured, the effect 
of the NSAID was not captured as this is considered to be most effective for only 72 hours (Shukla et 
al., 2007). There is a need for more research for species where there is a lack of information on the 
most effective pain relief, and what dosages and time intervals to use. Indeed, Matsumiya et al. (2012) 
found that the dose of a drug required to make maximal change in facial expression of mice was 
higher than that currently advised, and some drugs not effective at reducing the facial expression of 
pain in these animals. 
4.5 Other pain assessment tools for comparison 
To show convergent validity of the scales, many researchers have incorporated other pain assessment 
tools for comparison with the facial expression scores (Dalla Costa et al., 2014; Langford et al., 2010; 
McLennan et al., 2016; Sotocinal et al., 2011). This has allowed assessment of degree of correlation. 
Behavioural and physiological measures, including spontaneous behaviours and cortisol 
concentrations, were the most frequent other pain assessment tools utilised (Dalla Costa et al., 2014; 
Di Giminiani et al., 2016; Gleerup et al., 2015; Häger et al., 2017; Keating et al., 2012; Langford et 
al., 2010; MacRae et al., 2018; Sotocinal et al., 2011). Each of these measures has its own validity 
issues which should be considered when interpreting correlations between measures. For scales 
developed not using contrived pain states, veterinary and other subjective assessments of pain 
experienced by the animal were utilised instead. Subjective assessments such as those carried out by 
veterinarians, although useful, have limited validity in correlation studies (Weary et al., 2006). It is 
important to use measures that have already been tested and validated for animal pain. Good 
correlation between measures with the facial expression scale will support validity, therefore it is 
essential that careful consideration is given to what measures are the most suitable. For example, 
Leach and colleagues showed a high positive correlation between changes in validated spontaneous 
pain behaviours and the MGS (Leach et al., 2012), whilst McLennan et al. (2016) correlated lameness 
and lesion scores of footrot, previously validated as painful by Ley et al. (1995), with the SPFES. 
4.6 Scale testing 
The reliability and repeatability of the tool is assessed during testing of the scale (see table 1 for 
testing values of current scales). This is carried out by using time- and treatment-blind observers who 
have undergone some level of training. These scorers are asked to assess one or two photographs or 
video stills of each animal for each AU of the scale, providing a score of 0 to 2 as detailed previously. 
The scores from each observer are compared for consistency between observers in most studies by 
using an Intraclass Correlation Coefficient (ICC) (Dalla Costa et al., 2014; Di Giminiani et al., 2016; 
Häger et al., 2017; Keating et al., 2012; Langford et al., 2010; McLennan et al., 2016; Reijgwart et al., 
2017; Sotocinal et al., 2011; van Loon and VanDierendonck, 2015). In addition to scoring each 
individual unit, observers are often also asked to provide a global pain assessment of the facial 
expression based on their own experience and expertise, and to make a judgement about how much 
pain they think the animal has (Dalla Costa et al., 2014; Holden et al., 2014; Keating et al., 2012; 
Langford et al., 2010; McLennan et al., 2016; Reijgwart et al., 2017; Sotocinal et al., 2011). These 
subjective decisions are often used to calculate an overall degree of accuracy, testing for how many of 
the images were assessed correctly as being in pain or not. McLennan et al. (2016) found that 
accuracy improved greatly when using the total pain score rather than the global assessment of pain. 
Removing the need to make a decision about an animal’s affective state and simply assessing the 
individual AUs was a more accurate way of identifying sheep in pain. McLennan et al. (2016) were 
also able to provide guidance on when analgesia should be considered by analysing the sensitivity and 
specificity of each level of total pain score against a lameness score (a valid pain indicator for sheep 
with footrot (Ley et al., 1995)), something which is missing from other scales. In 2018, Dalla Costa 
and colleagues proposed a statistical approach to identifying a classifier that can estimate the pain 
status of the animal based on AUs included in HGS and MGS. They found that AUs can be weighted 
to best estimate the pain condition of an animal (Dalla Costa et al., 2018). These results provide 
support for using the facial expression scales and not relying on an overall judgement of pain simply 
based on experience.  
The way in which testing has been carried out is fairly standard across the scales, except for the 
number of blinded observers used which has ranged from 2 (MacRae et al., 2018) to 68 (Holden et al., 
2014). Developing a scale based on initial observations and subsequent scoring by a small number of 
observers is unlikely to represent an objective or valid scale (due to the risk of observer bias) as it may 
not provide effective indices visible to all. The more observers that can be utilised during testing, the 
more likely that the scale represents actual objective changes and also allows any problems requiring 
further development of the scale to be identified. The FGS (Reijgwart et al., 2017) employed a new 
testing technique by providing each of their 11 blinded observers with a seven-part survey which 
included a week between AUs. This meant that each observer carried out a global assessment before 
any training, and was then trained for each AU separately before scoring that AU. They then carried 
out an additional global assessment. They were able to test both inter- and intra-observer reliability, 
with the effect of training. They had good results for both the inter-observer (ICC=0.89 pre-training, 
and ICC=0.89 post-training) and for the intra-observer reliability (ICC=0.67). The lower level of ICC 
for intra-observer reliability test was attributed to the effect of training on the observers. The authors 
also stated that there were fewer missing overall pain scores suggesting there was an improved 
confidence by the observers to assign a pain score after viewing examples of each AU providing 
support for the need for careful training when using these scales.  
Reijgwart et al. (2017) also discuss the effect of ferret coat type on observers’ ability to assign scores 
to certain areas of the face. They report that observers had more difficulty assigning scores to long-
haired ferrets. The current authors have all experienced difficulties in assessing the facial expression 
of longer-haired, muscular, darker-haired animals and animals that have had a mixed colouring on 
their face, as it can be difficult to determine if certain features are changing due to shadow or some 
other element. Further research is needed into the effect of hair length, muscularity, and coat colour 
on the ability of observers to assess the facial expression of animals.  
4.7 Feasibility testing 
Evidence of feasibility of the facial expression scales is, in our opinion, delaying the full utilisation of 
the scales as a pain assessment tool. The MGS and the RGS have been the only scales so far tested for 
feasibility with live-scoring compared with retrospective footage analysis. Miller and Leach (2015) 
compared live-scoring with a photographic data collection of baseline images of different strains and 
sexes of mice on three separate occasions. They directly compared the 10-minute live-scoring with the 
photographic data that were collected at the same time. They found that for the female mice 
photographic scores were significantly higher than the live-scores for all four strains tested. For the 
male mice there were differences between strains, with C57BL/6 mice scoring higher in photographs 
than in live observations. C3H/He male mice did not have significantly different scores between the 
two methods. These were baseline scores in which there was no pain so there should not be a 
significant difference; however, there may be particular phenotypic features of certain strains that are 
more difficult to score live than through photographs. When live-scoring the observer would look at 
the mouse for 5 seconds and then award the appropriate score for each facial AU. This was carried out 
on three occasions at the beginning, mid-point and end of a ten-minute period. In contrast, the 
photographs which were used for retrospective analysis were taken across the same ten-minute period 
whenever the mouse was facing the camera. The different methods and timing of collection may have 
led to observer bias (systematic timings compared with right position), or possibly the facial 
expression changed due to different activities (chewing, sniffing, exploration, walking, etc.) being 
performed between live scoring and the photographic image scoring.  
Leung et al. (2016) tested the feasibility of the RGS to accurately assess pain in rats by comparing the 
standard method of image assessment with real-time observations (interval and point). Real-time 
observations were carried out at the same time as the video footage to allow for direct comparisons as 
in the study by Miller and Leach (2015). Leung et al. (2016) used two different methods that were 
repeated every 30 seconds for 10-minutes of observations: 1) a point observation that was alternated 
with, 2) 15 second interval observations where the animal was observed for 15 seconds and assigned a 
single score for the period. Scores were averaged at three-minute intervals to produce three single 
scores which were then averaged again to produce a single score across the 10-minute period, as in 
the standard method for the RGS (Sotocinal et al., 2011) allowing for direct comparison. To assess 
whether the length of observation period also made a difference, real-time observation scores were 
averaged from the first five and two minutes of observations. They found that there was good 
agreement between the real-time scores and the standard method, with most of the real-time 
observations able to discriminate between treatment groups. Interval observations were found to be 
more sensitive than point observations, and multiple observations were better at correctly predicting 
treatment groups than single observations. These results suggest a single observation should not be 
relied upon when making treatment decisions. Longer observation periods (5-minute) were found to 
also provide a better assessment of the pain, and were considered to provide a good practical balance 
to assessment of pain. In horses, short video-clips (15-seconds) were scored using the HGS and then 
compared to HGS scores from still images (Dalla Costa et al., 2016). No significant differences in 
HGS total scores between the scoring of still images and video sequences were found. However, the 
15-second video clips were reported as being more difficult to score, with a high level of variation 
between the observers. 
These results demonstrate that facial expression scales could be utilised in real-time pain assessment. 
More research into this area is required to fully understand whether this difference between live scores 
and retrospective scoring is due to difficulty in live scoring, or whether there are advantages over 
being able to pause and choose the right moment to observe the facial images. There is also a clear 
advantage to making multiple observations over a longer period of time rather than using just one 
short observation period. When it comes to assessing pain, its fluctuating nature and the influence of a 
number of factors that cannot be controlled for, need to be considered.  
Table 2 provides guidelines for best practice in developing and validating any future facial expression 
scales, with particular consideration of pain. Scales need to be developed for each species, across key 
life stages and potentially with the inclusion of differing phenotypic features such as those found 
across breeds, especially if these differ significantly. The majority of scales require full feasibility 
testing and this should be incorporated into the further development of current and future scales.  
5. Clinical applications of facial expression as a method of pain assessment 
When making a decision about a patient, whether it be in clinical practice or a research setting, being 
able to assess the severity of the pain is vital to improving their welfare (Ashley et al., 2005). Many of 
the current methods of pain assessment are not clinically relevant; many are retrospective, time 
consuming, and require the caregiver to make a subjective judgement about whether pain relief should 
be provided or not (Egger et al., 2014; Leach et al., 2009). Variations among clinicians on the level of 
pain they believe an animal may suffer and differences in empathy levels, which play a role in 
whether or not pain relief is provided to these animals, make such assessments unreliable (Bell et al., 
2014; Huxley and Whay, 2006; Ison and Rutherford, 2014; Norring et al., 2014). Inconsistent care 
due to a lack of ability to recognise and evaluate pain is a significant factor reported by veterinarians 
as a reason why pain relief is not provided (Richardson and Flecknell, 2005), resulting in poor 
welfare.  
Much of the research into facial expression has focused on the development of scales within a 
research setting. Few have undergone full feasibility testing and many of the scales are not yet widely 
utilised in clinical practice; however, they have been developed with clinical relevance in mind and 
have been demonstrated to be reliable and valid measures of pain. Many scales were developed using 
experimental designs based on clinical procedures (Dalla Costa et al., 2014; Di Giminiani et al., 2016; 
Häger et al., 2017; Keating et al., 2012; Langford et al., 2010; MacRae et al., 2018; Reijgwart et al., 
2017; Sotocinal et al., 2011), or naturally occurring diseases (Holden et al., 2014; McLennan et al., 
2016) suggesting feasibility, but testing is still required. Testing feasibility can be carried out in the 
research setting, but the true feasibility and value of the scales will come from clinicians using them 
in real life settings and feeding back to authors. Uptake of the facial expression scales to assess pain in 
real-time within clinical practice is likely to increase as more data demonstrating their feasibility 
become available. 
Despite the current lack of full feasibility testing, there are numerous advantages to using facial 
expression over other pain assessment methods in clinical and research practice. Facial expression has 
been shown to be a tool that can help to alleviate a number of the problems associated with other pain 
assessment techniques. Minimal training (simply providing the scale and descriptions for observers to 
read themselves) is all that is required to be effective and reliable at using facial expression to 
recognise and evaluate pain in animals (Dalla Costa et al., 2014; Keating et al., 2012; Langford et al., 
2010; McLennan et al., 2016; Sotocinal et al., 2011); however, sensitivity and specificity is likely to 
improve with more detailed and structured training (Reijgwart et al., 2017). Continued training and 
reliability testing within a practice will help to ensure that the scale is sensitive, and will increase the 
confidence of staff concerning the uniformity of its application and the provision of pain relief. The 
training, and guides placed in pertinent areas would encourage all those involved in animal care to 
assess the pain on a regular basis. This is irrespective of whether they be in veterinary practice or 
others working with animals in different settings.  
Assessing pain using facial expression does not require any specialist equipment to be bought, and 
should be possible to carry out in real time. Many of the scales are concise with only a few 
measurements needed; the majority have five areas of the face to assess for three possible outcomes. 
This should mean that the assessment is quick and effective to carry out. Leach et al. (2011), highlight 
that observers are naturally drawn to the face, and so facial expression scoring takes advantage of this. 
Once clinical staff are familiar with facial expression scales, the scales should become quicker and 
easier to use in assessing pain. It is likely that once a practitioner has become familiar with one or two 
different species facial expression scales, they will be able to apply similar principles to other patients 
that they treat because of the consistency in facial expression across mammals (Chambers and Mogil, 
2015). 
It is important that the facial expression scale should initially form part of a wider assessment of pain, 
although it could be used alone. Observing the individual AUs of the face gives an indication of 
potential pain severity, particularly when a total pain score is used. Observing other areas of the body 
and the behaviour as well as monitoring physiological signs will give a more rounded picture of the 
pain experience, including potential causes and the site of pain. Once the cause and site of pain has 
been identified, subsequent assessments should focus on the facial expression of pain, assessing the 
emotional impact of the experience on the animal. It is important to assess the ongoing state of the 
animal over time as pain fluctuates (Baliki et al., 2006). Monitoring how frequent this fluctuation is, 
or whether there is a high level of constant pain is key to improved welfare. It should be remembered 
that individuals experience pain differently and have different thresholds (Bateson, 1991; Gentle, 
2001; Martuscello et al., 2013), different coping abilities (Koolhaas et al., 1999), and different 
genetics that can alter the effectiveness of analgesia (Mogil, 1999; Mogil et al., 1996). Carrying out 
assessment of the facial expression over a period of time and displaying records of scores alongside 
the animal, will help to build a better understanding of how the animal is coping and whether there 
needs to be change in pain management strategy. The current authors recommend that facial 
expression scoring is not used for patients with head injuries or pathological changes to the head or 
face, as the AUs displayed may be affected by the trauma itself, and so other measures are needed. 
Intervention scores which provide guidance on when to give analgesia are still lacking for many of the 
scales, which again may limit their use in practice and thus limiting when and how pain is managed. 
McLennan et al. (2016) and Oliver et al. (2014) demonstrated that it is possible to provide guidance of 
when to consider providing analgesia in sheep and rats respectively, identifying a total pain score that 
when reached is highly suggestive that the animal is in pain. When assessing the ongoing treatment or 
monitoring of a patient there also needs to be some guidance as to when a change in score would be 
relevant. In humans, a change in a total pain score by 2 points or more is considered to be clinically 
important (Farrar et al., 2001). Further research should effectively determine a threshold and 
intervention score for each species.  
Table 3 provides guidelines for best practice for use of facial expression scales as a pain assessment 
tool in clinical practice. This guide is to ensure the validity and reliability of the current scales that 
have been developed, and to encourage the uptake of the scales in clinical practice, as well as by those 
who are involved in the day to day care of animals. If all staff consistently assess the pain of a patient 
and record the pain score each time they are involved in any sort of care, it is more likely that signs of 
spontaneous pain will be recognised (Mogil and Crager, 2004). It will also allow for a continued 
assessment of the animal’s recovery and the effectiveness of any analgesia provided. If clinical, 
research and animal care staff can be encouraged to use and provide feedback on current facial 
expression scales, scales will be improved and key areas for further research will be identified. 
6. Conclusion 
The accurate assessment and management of animal pain is essential in ensuring good animal welfare. 
The inability of animals to articulate experience of pain means that the nature of pain in animals 
remains controversial for some people. However, there is increasing acceptance that vertebrates and 
some invertebrate animals are sentient beings, capable of experiencing affective states such as pain. 
Yet pain remains a significant welfare issue. The recognition and evaluation of pain remains a major 
limiting factor in pain management for humans and non-humans. There is good evidence that facial 
expression can be a useful, valid and reliable tool for recognising and evaluating pain in humans and 
other animals. Both the sensory and emotional components of pain have been demonstrated to affect 
facial expression, which thus gives a true representation of the affective state of the animal. Many of 
the mammalian species studied to date have similar facial expression responses to pain. Animal care 
staff need to be trained to use the appropriate scale for the species under their care. 
There is a need for continued development of the currently available facial expression scales. Further 
testing is required to ensure the validity of the current scales. In particular, many of the scales need 
feasibility testing and refinement before they can be fully utilised in clinical and field settings. It is 
imperative that scientists work closely with clinicians in this testing to ensure continued reliability. 
Most scales developed to date have been developed using only one or two causes of pain. It is 
important that the scales are validated for other causes of pain before they are applied in different 
clinical conditions. There may, for example, be different responses to acute pain and to chronic pain 
in the same species. Young animals may have different responses from adults. The effect of other 
affective states such as fear or malaise also needs to be assessed, as these may interact with or obscure 
facial expression of pain. Future work should also consider whether facial expressions of pain have 
any communicative function. The development of new scales is needed for other species under the 
care of humans. Facial expression pain scales are already being used in assessment of animal welfare, 
but further work on facial expression is likely to see many new applications for this approach. 
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